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Aims

The course aims to provide and deepen the biological tools and fundamental genetic bases necessary for
understanding human genetic diseases, within the framework of genomic medicine.

Contents

The cellular and molecular bases of human genetics will be explored in detail, and the organization of genes and
the human genome, its modifications, and the DNA repair mechanisms implemented by cells will be thoroughly
analyzed.

Significant emphasis will also be placed on the epigenome, its modifications, and the complex mechanisms
regulating gene expression.

To support and enhance overall understanding, technologies for the analysis and modification of nucleic acids, next-
generation sequencing (NGS), and the bioinformatic approaches required to interpret the results obtained using
these methodologies will also be examined.

Detailed program

Organization of the Human Genome and Genome Projects
» From genetics to genomics: the Human Genome Project
« Organization and evolution of the human genome

o Protein-coding genes

o Non-coding RNA genes and regulatory elements

o Organization of gene families

o Importance of gene duplication



o Highly repetitive non-coding DNA in the human genome

« Distribution of genes within the human genome

« Origin of sequence variability

* DNA repair mechanisms

 Population genomics and the extent of human genetic variability

« Evolution of the concept of the gene

Technologies for the Study and Analysis of DNA

* Principles of DNA analysis technologies

* PCR and quantitative PCR

» Sanger sequencing

* Arrays

» Next-generation sequencing (NGS): second- and third-generation sequencing techniques (long-read sequencing)
* NGS data analysis

Genetic and Epigenetic Regulation of Gene Expression (RM) (8 hours)

» Promoters, enhancers, and silencers

* Transcription factors: binding and specificity

» Gene regulation during RNA maturation: splicing and editing

* Gene silencing mediated by microRNAs

» Chromatin modifications and epigenetic factors in gene regulation

o Writers, erasers, and readers

0 DNA methylation

* Role of long non-coding RNASs in epigenetic regulation

» Genomic imprinting

» X chromosome inactivation

« Organization of the interphase nucleus

Omics and New Technologies in Biomedicine

» Examples of applications of NGS technologies

* DNA-based approaches: whole genome sequencing (WGS), exome sequencing, deep sequencing
* ChIP-Seq

* DNA methylation analysis

* Metagenomics

* RNA-based approaches: transcriptomics

« Introduction to multi-omics approaches

Genetic Variability and Its Consequences

« Pathogenic nucleotide substitutions and small insertions and deletions

» Copy nhumber variation of short tandem repeat sequences

 Pathogenesis induced by long tandem repeat expansions and interspersed repetitive sequences
* Molecular bases of mitochondrial diseases

» Genotype—phenotype correlations and complexity of monogenic diseases (gain of function, loss of function,
haploinsufficiency, dominant-negative effects)

Genetic Variability of the Immune System

* Concepts of innate and adaptive immunity

« Structure and function of antibodies and T-cell receptors

» Somatic recombination: molecular mechanisms

» Modifications following antigen encounter

Genetic Approaches to the Study of Multifactorial Diseases

« Definition of multifactorial diseases and assessment of the genetic component
» Parametric and non-parametric linkage studies

» Genome-wide association studies (GWAS)

« Examples of multifactorial diseases: celiac disease, inflammatory bowel diseases (IBDs), diabetes
Stem Cells and Differentiation

* Cellular differentiation

» Molecular mechanisms underlying embryonic development

» Stem cells and induced pluripotent stem cells (iPSCs)

* Model organisms: advantages and limitations



« Transgenic mice

« Examples of differentiation and development: nervous system, intestinal epithelium, connective tissues, muscle
cells, hematopoietic system

Gene Therapy

* In vivo and ex vivo gene therapy

« Viral and non-viral vectors for gene therapy: advantages and disadvantages

» Gene therapy for ADA-SCID and sickle cell disease/thalassemia as success stories

» Gene therapy in cancer: the example of CAR-T therapy

» Gene therapy in genodermatoses

» Gene and cell therapy in degenerative diseases: approaches to the treatment of muscular dystrophies
» Gene therapy in the treatment of HIV

* CRISPR-Cas9 and applications in clinical trials

Prerequisites

See the information provided in the course syllabus

Teaching form

See the information provided in the course syllabus

Textbook and teaching resource

See the information provided in the course syllabus

Semester

See the information provided in the course syllabus

Assessment method

See the information provided in the course syllabus

Office hours

See the information provided in the course syllabus
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